Electronic cigarettes are increasingly popular as a supposed safer alternative to tobacco cigarettes or a smoking cessation tool. Research and debate have focused primarily on possible adverse effects caused by the inhaled aerosol produced by electronic cigarettes and on smoking cessation efficacy. Few reports in the medical literature describe injuries secondary to device malfunction. We present a case of electronic cigarette explosion, with a projectile fracturing the patient's right nasoorbital-ethmoid complex and anterior and posterior frontal sinus tables, with frontal sinus outflow tract involvement. The patient underwent combined open and endoscopic repair, including open reduction internal fixation, with reconstitution and preservation of the frontal sinus and frontal sinus outflow tract. Additionally, we review the available data on electronic cigarette malfunction-including fires, explosions, associated injuries, and possible reasons for device malfunction-and discuss new 2016 U.S. Food and Drug Administration regulations pertaining to electronic cigarettes.
Introduction
Electronic cigarettes (e-cigarettes) were patented in 2003 and became available in the United States in 2007. E-cigarettes consist of a battery (usually lithium ion), a heating element, and a cartridge containing a liquid made up of propylene glycol and/or glycerin, nicotine and, usually, flavoring agents. An aerosol is produced automatically upon inhalation or when a switch is manually depressed on the device. 1 A national survey of United States adults in 2014 found 14.9% had tried e-cigarettes and 4.9% were active users. 2 Rates were highest among those aged 25 to 34 years, among whom 23.3% had tried e-cigarettes and 8.6% were active users. 2 E-cigarettes have been marketed as a safe alternative to conventional cigarettes and as an effective smoking cessation tool. 3 While it appears that e-cigarettes may prove to be safer than conventional cigarettes, long-term effects are unknown, 4 and the data are inconclusive to support their use as a harm-reduction strategy or a tobacco-cessation tool. 5 Many examples of e-cigarette malfunction causing fires and explosions, with associated burns and other injuries, have been reported in the press and by U.S. government agencies. 6 Relatively few reports of such injuries have been published in the medical literature. 7 In May 2016, the U.S. Food and Drug Administration (FDA) finalized a rule extending its regulatory authority to include e-cigarettes. The rule, which went into effect August 8, 2016, includes restrictions on sale to minors, import and manufacture of products and components, advertising, and product labeling. 8 
Case report
A 20-year-old man suffered right-sided facial trauma when an e-cigarette exploded in his hand. He reported holding the e-cigarette with the activating button depressed when the device suddenly exploded, propelling the mouthpiece into his face. The battery was additionally launched and started a fire several feet away. Physical examination demonstrated a 1.5-cm, depressed soft-tissue defect over the right nasal bone (figure 1). Neither hypoesthesia nor telecanthus was present.
portion of the right frontal beak was free-floating and was removed-drilled down in a similar fashion as in a Draf III modified Lothrop endoscopic procedure-and then ultimately replaced and fixated into its correct anatomic position.
A dissolvable steroid-eluting stent was placed transnasally under endoscopic guidance to help maintain the position of the FSOT mucosa after reduction of the associated fractured segments and to function as a middle meatal spacer. The superior aspect of the stent was noted to be in the desired position inside the frontal sinus by endoscopic visualization from above via the anterior table bony defect (figure 3). The reduced An ophthalmologic examination was normal. There was no evidence of a cerebrospinal fluid (CSF) leak.
Computed tomography (CT) revealed a severely comminuted right naso-orbital-ethmoid (NOE) complex fracture, posteriorly displaced fracture segments from the anterior table of the frontal sinus and frontal process of the maxilla, a comminuted posterior table fracture, obstruction of the frontal sinus outflow tract (FSOT), and a small area of pneumocephalus (figure 2). No piece of the e-cigarette mouthpiece or any foreign body was retrieved during the initial physical examination or in the operating room, and no foreign body was demonstrated on pre-or postoperative computed tomography (CT).
The patient underwent a combined open and endoscopic repair that took advantage of the existing facial soft tissue and bony defect. An endoscopic maxillary antrostomy and ethmoidectomy were performed to facilitate the endoscopic repair of the FSOT. Reduction of the frontal process of the maxilla and nasal bone from their displaced position against the comminuted posterior table and skull base allowed for reconstitution and ultimate preservation of the frontal sinus and FSOT.
The frontal sinus mucosa was visualized endoscopically via the anterior table bony defect, and invaginated mucosa was released from the fracture sites. No CSF leak was visualized intraoperatively. A significant bony fragments were then fixated with a single square mini-plate ( figure 4) . The circular soft-tissue defect had maintained viability via a small laterally based pedicle and was closed primarily.
Sinus balloon catheter dilation was performed 6 weeks postoperatively under intravenous conscious sedation, with placement of another identical stent to maximize the FSOT diameter. The patient has done well postoperatively, without any complications.
Discussion
Frontal sinus and NOE fractures represent 5 to 15% of facial fractures. They are most often caused by bluntforce injuries such as motor vehicle collisions, assaults, and falls. Traditional management with frontal sinus obliteration or cranialization has been associated with considerable morbidity that includes both early and late complications. Early complications include persistent CSF leak, wound infection, meningitis, and frontal sinusitis. Late complications include recurrent CSF leaks, mucocele or mucopyocele, cerebral abscess, and osteomyelitis. 9 While there is limited high-level evidence on management of these fractures, the medical literature is trending toward more conservative treatment options that stress sinus preservation, likely influenced by advances in endoscopic techniques and increased surgical experience. 10 Endoscopic techniques have the potential benefits of shorter operative times, less risk of bone fragment devitalization, and avoiding the removal of all sinus mucosa in extensively pneumatized frontal sinuses in the acute setting.
This unique case of facial trauma with frontal sinus fracture secondary to e-cigarette explosion was managed using a combined open and endoscopic approach, allowing for the mucosa lining the frontal sinus and FSOT to be adequately visualized and preserved. Taking advantage of the facial soft-tissue and bony open defects allowed excellent direct visualization and access from above to the frontal sinus, skull base, and FSOT. This was particularly useful for reduction of the posteriorly displaced fragments along the posterior table and skull base.
There is growing concern regarding e-cigarette explosions and fires. Research published in March 2016 by Rudy and Durmowicz compiled reports by U.S. government agencies and in the press of 92 discrete e-cigarette explosion, fire, or overheating events, with associated injuries in 47 people. 6 Notable injuries included 2 cervical vertebral fractures, 1 palate fracture, 3 instances of damaged teeth, 33 thermal burns, 4 chemical burns, and 5 lacerations.
A limited number of other cases have been published in the medical literature, including a 2016 case series by Kumetz et al of 2 patients with injuries caused by e-cigarettes. 7 One presented after an e-cigarette caught fire in her pocket, causing burns to the thigh and hand. The other presented after an e-cigarette exploded in his mouth during normal use, causing a maxillary fracture, tooth fractures and dislodgment, soft-palate damage, and lip lacerations.
The U.S. Fire Administration reports that 80% of e-cigarette explosions occurred while the battery was being charged. 1 The report revealed that many of the e-cigarettes were being charged by power adaptors that were not provided by the manufacturer, subjecting the battery to an inappropriately high current, which led to thermal runaway and subsequent explosion and/or fire. This problem is potentially further exacerbated by third-party vendors who assemble e-cigarettes from noncompatible parts that may not meet the manufacturers' specifications.
Another concern is the shape of e-cigarettes. Unlike other electronic devices with a flat, rigid plastic case, e-cigarettes tend to be cylindrical, with the weakest structural points on either end. If the battery seal ruptures, the pressure within the e-cigarette cylinder can rapidly increase, propelling the ends of the device with a large amount of force. 1 In May 2016, the FDA unveiled a new rule allowing it to regulate e-cigarettes as tobacco products. In addition to regulating sale, import, and advertising of e-cigarettes, the regulation also requires all e-cigarettes and e-cigarette components to be submitted for evaluation and approval before sale. Regarding the safety of e-cigarette batteries and electronic components, they say "FDA also remains concerned about reports of exploding batteries. Batteries…are components or parts and subject to FDA's tobacco product authorities." 8 The new FDA rule allowing e-cigarettes to be regulated along with other tobacco products has the potential to prevent structurally unsafe e-cigarettes or e-cigarette components, such as lithium ion batteries, from being sold in the United States.
E-cigarettes are marketed as a safer alternative to conventional cigarettes, but the safety of the inhaled aerosol is unproven and, as this case demonstrates, the devices themselves can pose a serious hazard. Many other incidents of e-cigarettes' malfunction causing explosion and/or fire, with associated burns and other injuries, have been reported. Physicians should be aware of this potential risk and counsel patients accordingly.
